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ABSTRACT 


An equipment was constructed for separation of n-paraffins 
from different petroleum fractions from Ralaarkatia crude using ■ 
molecular sieves. Effect of temperature was studied on adsorption 
of n-paraffins on molecular sieves,. It was found that 13de time 
for equilibrium loading continuously decreased ■with increasing 
temperature althou^ the amount adsorbed also decreased. The 
percentage recovery was found to be maximum at 150®C for naphtha 
100°C for kero sine and 300°C for gas oil and was respectively 
54 ^, 11^ and 22?5, The apparent hi^ recovery in case of naphtha ' 
was thought to be due to n-olef ins separating out along with 
n-paraffins. Out of the three desorbing fluids studied, liquified 
petroleum gas was found to be most suitable. 



Figure 

List tf Figures 

, Ldseription 


Page 

1 

Schematic diagram of 

Experimental Set up 


12 

2 

Equilihrium loading as a 




function of temperature 

« « » 

23 

3 

Percent valume and total volume 

per pass of normal paraffins 

as a function of temperature 


25 

4 

Desorption time as a function ♦f 

adsorption temperature 

^ * 

27 

A1 

Galihration curve @f rotameter 

♦ c 

34 

A2 

Breakthrough curves for Eaphtha 

• « * 

35 

A3 

Breakthrough curves f#r Kerosine 

# » • 

36-38 

A4 

Break throu^ curves fcr Gas oil 

« » f 

39 



CHAPTBR I 


IFTRODUCdlOU 

In modern chemical industries, normal paraffins are 
finding good scope, Normal paraffins in the range 

carbon number, such as occur in kerosine and gas oil boiling 
range are required for the manufacture of synthetic detergents 
and plasticizers, These paraffins due to having highest heat 
of combustion can also be used as the fuel for aeronautic 
purposes. Low boiling n-paraffins are the raw materials for 
the productionof acids, aldehydes and alcoholi^dhlorinated 
waxes prepared from high molecular we i^t n-paraffins are lighter 
in colour and are more stable towards heat and ultraviolet light 
than idle commercial chlorinated waxes produced by other methods 5. 

Normal paraffins are undesirable in gasoline and parti- 
cularly in aviation gasoline owing to their low octane rating. 
Therefore, extraction of these hydrocarbons can improve the 
anti knock characteristics of . the gasoline at the same time 
providing a substantial source of n-paraffins. Other distillate- 
fractions like kerosine and gas oil are also potential sources 
of these n-paraffins. It has been shown by Chandra et.al,^^^ 
that a sizeable percentage of these hydrocarbons can be removed 
from kerosine without significantly altering the properties of 
denormalized stock. 
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The range of "boiling points of n-paraffins overlaps 
with that of other hydrocarbons rendering fractional disti- 
llation a completely impractical method of separation. Urea 
Adduct Method was used to separate the n-paraffins in early 
days. This process has limitations in the sense that adduct 
formation is favored only for paraffins higher than C^, Also, 

as the carbon number increases, the consumption increases 
( 2 ) 

linearly'' \ Furthermore, urea is not very selective and even 
some non-normal paraffins can participate in adduct formation. 

Barrer et.al,'*'^^ reported the selective adsorption of 
n-paraffins on natural zeolites (chabazite). Since then, crysta- 
lline zeolites are extensively used for separation and recover^ 
of n-paraffins from the mixture of other hydrocarbons: In 1954, 
linde Air Co., Bivision of Union Carbide Company, introduced 
synthetic zeolite calling "Molecular Sieves", Different types 
of molecular sieves are manufactured by them such as type 4A, 

5A and 13X, Type 4A and 5A molecular sieves are characterized 
by a 5-dlmensional structure or network having water of hy^iration. 
When water of hydration is removed, there remains an intra- 
crystalline structure, The voids are fourty-five volume percent 
of the zeolites. The size of the opening or voids depends upon' 
the alkali metal of the zeolite. In c ase of 5A molecular sieve 
the alkali metal is calcium and the pore diameter is 5 Angstrom 
unit. These molecular sieves do not have the pore size distri- 
bution and this uniformity of pore size enables molecular siev'^® 
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to become selective in nature which results in sieving of 
the molecules, The mean cross sectional diameter of n~paraffin 
molecules is 4.9A where as iso -paraffins, cyclic molecules 
have minimum cross sectional diameter 5 to 6A, The naphthenes 
and aromatics have mean cross-sectional diameter greater than 
6A, Thus under adsorptive conditions, if a mixture of various 
types of hydrocarbons is passed throu^ a bed of Linde 
Molecular Sieve 5A (Ll'/IS 5A) the n-paraffins will be selectively 

adsorbed in the molecular sieve and the rest will be allowed 

( 21 , 22 ) 

to pass out. 

Based upon these observations, Universal Oil Product 
developed ISolex Process in 1959 for Improving the antiknock 
properties of gasoline on industrial scale. Afterwards, they 
extended the process for obtaining n-paraffins of detergent 
range ^ \ UOP Molex process operates in liquid phase. 

It involves a numbe:p^ fixed adsorbant beds in series provided 
with a programming device to change inlet and outlet points 
for various beds. 

The desorption step where n-paraffin is recovered 
from the sieve bed is rather most tedious part of the process 
and this is the step where one process differs from the other. 
Mo lex process uses low boiling hydrocarbon for desorption of 
n-paraffins. The Isosiv Process of Linde Company operates 
on an isothermal pressure swing cycle. The adsorption is 
carried out in vapor phase and pressure swing' cycle is used 
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f 6 

to desoxlD n-paraffins at reduced pressure^ *'v. Initially, 

it extracted n-paraffins of range but later, it extended 

the process to separate the higher n-paraff ins (C^Q-G^g), The 

British Petroleum Molecular Sieve process was developed for 

the extraction of n-paraffins from gas oi^^^ ^^10 ^18^* 

The adsorption is carried out in vapor phase and desorption 

is done with n-pentane purge. The Texaco Selective Pini^ing 

Process is employed to upgrade the octane number of catalytic 

( 7 8 ^ 17 18 } 

reformate, light or even heavy straight run naphtha'' ’ * ** * 

The Parex Process was developed by VEB Leuna Works "Walter 
Ulbricht", East Germany for production of C^q to C^g n-paraffins 
from petroleum fractions in the range 180° to 320 °C in different 
stages^"* Eirstly, they allow the n-paraffins to adsorb on a 
specially modified bed in presence of an auxilliary gas at 
300-400°C and 5-15 atmospheric pressure. The temperature and 
pressure are maintained constant throughout the process. Secondly, 
a gas is used to remove material adsorbed in the secondary pore 
structure. At the end n— paraffins are desorbed with n-pentane, 
Ashar,et.al*^^*^^ described a novel adsorption process - 
the En sorb - -process - developed by ESSO Research and Engineering 
Co, for the recovery of hi^ purity n-paraffins using ammonia 
as desorbing agent. Paraffins upto have been recovered 
by this process in pilot plant equipment. The process is 
operated at constant temperature (260-370°G) and constant pressure 
(15—50 psia). Adsorption takes place in vapor phase. By employing 



the beds of adsorbent one in adsorption and one in desorption ' 
at all times, continuous flow of the feed and ammonia stream 
is maintained. 

Present Study ; 

This study was undertaken with a ’"‘iew of developing a 
process for extracting n-naraffins from various petroleum 
distillates of indtgeneous origin. This should eventually 
lead to decreasing or even stopping the import of these hydro- 
carbons or their derivatives. 

Straight run cuts of naphtha, kero sine and gas oil 
obtained from Barauni Oil Refinery processing Naharkatia (Assam) 
crude were taken for present study. The study includes the 
effect of increasing temperature on the equilibrium loading 
' of the molecular sieves, on the volume recovery of n-paraffins 
and also on the volume percent recovery of n-paraffins. 

The effect of different desorbing fluids, nitrogen, liqui- 
fied petroleum gas (Indane) and carbon dioxide was also studied 
on the recovery of normal paraffins. 


****-x-*** 

****** 



CHAPTER II 


THEORETIC AX COISIPERATIOHS 

Adsorption of n-Paraff ins : 

THe separation of normal paraffins from a given petroleum 
fraction is achieved hy the selective adsorption of n-paraffins 
(adsorbate) on molecular sieves (adsorbent). The adsorption 
known as the Tahder waals adsorption, involves forces of 
physical nature, such as the forces of attraction between 
solvent and adsorbate, adsorbent and adsorbate, and adsorbent 
and solvent. 

The temperature and pressure (or concentration) are also 
very important in determination of the adosrption equilibrium. 

As the adsorption process is exothermic in nature, less material 
is adsorbed as the temperature is increased. The hi^er the 
pressure (or concentration) , the more material will be adsorbed 
since the adsorption results in net reduction of volume of the 
hydrocarbon mixture. 

The amount of the adsorbate adsorbed is a function of the 
final pressure or concentrations and the temperature 

i = f(p.T) 

Where, x/m = amount of material adsorbed/gm. of the adsorbent 
P - Equilibrium pressure 

T = Absolute temperature 
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I'hen T is constant, the plot of x/m vs P is called isotherm. 

Plot of x/m vs T is called Isobars where P is constant. 

Plot of P vs I is called isostere, where amount adsorbed is 
constant. 

Pesorption s 

The adsorption of n-paraffins on molecular sieve is 
favored by high equilibrium pressure and lo¥/ temperature. In 
contrast, the desorption is done by raising the temperature of 
the bed or by some means reducing the equilibrium pressure of 
the adsorbate on the molecular sieve bed. Reduction in partial 
pressure is done by purging some other gas like N2 boiling 

n-paraffins. Instead passing non-polar purge gas, if a polar 
gas is passed, it reduces the equilibrium partial pressure and also 
displaces the n-paraffins adsorbed in the molecular sieve bed. 

At elevated temperature, if a polar gas like ammonia, CO . is 

(11) 

passed, the desorption time taken will be the least of all * 

(a) Desorption is achieved by elevating the temperature of 
■ molecular sieve bed (thermal swing cycle)^- Desorption 

temperature should be high enough to keep the desorbed 

/ 

n-paraffins in vaporized state for recovery. This method 
is suitable for low boiling fractions because high boiling 

. (11) 

fractions of n-paraffins may undergo cracking . 

(b) Reduction in partial pressure is done by performing 
dcsor"'';''ion under vacuum (Pressure swing cycle). But 

adsorbed high molecular weight n-paraffins are almost 
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insensitive towards redaction of pressure lienee desired 

( 1 1 ) 

result may not be obtained . 

;c) Desorption by sweeping with a non-adsorbable material 

(Purgtng)T- Sweeping the loaded molecular sieve bed with ^ 
some non-adsorbable gas, sueb as N2 ’biie desorption mechanis 
becomes essentially as In pressure swing cycle. By Sontl- 
nucusly sweeping the n-paraffins from sieve bed as they 
are desorbed, the partial pressure of tlie n-parafflns in 
the atmosphere surrounding the sieve bed is hep 
that of the n-paraffln adsorbed on the molecular sieve. ^ 

Due to this phenomena, the transfer of n-paraffms continues 
in order to reach equilibrium. This method Is essentially 
same as the pressure swing cycle, more suited^for lo 

boiling or low molecular weight n-paiaffins . ^ v,.., 

(a) Displacement desorption using an adsorbable material w 
. 13 more strongly adsorbed than the material being de.rbedt 

Ihe fact that molecular sieves have more adsorption 
lor hl^er molecular weight n-P«afflns than for lower 
molecular weight n-parafflns, the desorption of n par 
can be done by a desorbing media of higher molecular wei^t 

■ n-paralflns than the desired. Excellent results osn 

■ obtained but the method Is subject b , criticism due^^ 

lowering the efficiency of molecular sieve bed in su 
adsorption step. The n-paralfins in charge stoc wi 
.sadlly displace the n-parafflns more strongly adsor 



9 


Instead of using molecular weight n«-paraff ins, 

if some polar gas like ammonia or carbon dioxide is used, the 
molecnlar sieve will prefer the polar compounds for adsorption 
releasing adsorbed 1 . paraffins. Excellent results have been 
obtained by ESSO Eesearch and Engineering 

(e) Displacement desorption using low boiling n-paraffini This 
iJ^chnique involves two primary driving forces, Eirstly, Ihe . 
sweeping effect of the desorbing medium flowing through the 

sieve bed causes the desorption in the same manner as in the 

/ 

sweeping with nonadsorbable material and secondly, the normal 
paraffin in desorbing medium, though less strongly adsorbed 
■than the n-paraffins on the sieve bed, are present in large 
excess during the desorption step and tend to lie adsorbed, 
displacing the product n-paraffins from sieve bed. Since, 
the adsorbed low boiling desorbing medium can be easily 
displaced by the n-paraffins in the feed (i.4 will com'^tete one 
operating cycle.) 

In this case the sieve bed is loaded with n-paraffins 
either low molecular weight or high molecular weight in the 
beginning of adsorption or desorption step. During both steps 
n-paraffins are being adsorbed and desorbed, the effect of heat 
of adsorption and desorption is negligible, This is because of 
the fact that while -the adsorption is exothermic, the desorption 
is endothermic. Another key feature of desorption using a lower 
molecular weight n-paraffins desorbing medium is the small effect 
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of pressure variations on desorption rate. Reduction of 
pressure tends to reduce the loading of the product n-paraffins 
on 1he sieve, but it also impedes adsorption of the n-paraffin 
from desorbing medium. Since adsorption of these desorbing 
medium n-paraffins supplies part of the desorption driving force, 
the overall effect of pressure variation on desorption is normally 
small. 


******* 

***** 



CHAPTEE III 


EXPEBIMTAL SETUP 

A sclieniatic diagram of the equipment used is shown in 

Pig.1. 

Adsorption Column : It consisted of 26" long 1" O.D. (7/8" I.P,) 
stainless steeltube fitted with caps on both ends. To these 
caps were attached 6 " long and 1 / 4 " O.P.(l/ 8 " I.P.) stainless 
steel tubing on both ends. Both top and bottom connections 
bifurcated in two lines, one from each going through the preheater 
and the rest two to condensers, A I/ 4 " stainless steel needle 
waive was placed on each line immediately after bifurcation. 

The tube was packed with 250 gms, of LMS 5A molecular sieves 
which were in the form of I/I 6 " pellets. In order to prevent the 
chocking of flow line in the bottom adsorber a wire gauge was 
placed between the cap and the adsorber. Another wire gauge was 
placed in the similar fashion at the top to work as a distributor 
for the feed. The column fitted with connections was inserted to 
a tubular furnace of 2-J-" I.D, and 32" long held in vertical 
positions, 

Purnac e/Heater { The furnace or the heater used to raise the 
temperature of the adsorption column was made from a silliminite 
tube of 2^" and 32" long. Since the length was too long to 

have a uniform temperature distribution it was decided to divide 
the furnace in two sections provided with two different temperature 




ft® j[f» 0 ^ fxp^riyjifintal Set 
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controllers. Both sections were wound with 16 gauge nichiwnie 
wire each having approximately 8 ohms resistance. The thermo- 
couples for both the controllers were suspended 11" and 24 " 
respectively, from the top. The temperature was controlled 
within + 2®C in both s ections. The variation in temperature 
along the length rf the furnace in the zone of interest w;as not 
more than 5*0, This was checked in the following manner: 

The furnace temperature was controlled at 100°, 200°, 

400° and 500°C separately, Chromel-alumAl thermocouple was 
inserted to the bottom of the furnace. It was then lifted at 
2" interval upward and corresponding temperature was recorded 
with the help of a potentiometer. In all the cases it was found 
that there was a temperature variation of 4-5° C in the zone in which 
the adsorption column was housed. 

Preheater: The temperature of preheater was controlled maanally 
with help of a pyrometer and a variac. It was a lindeberg 
furnace type - 54241, 

Flowmeter : To measure the flow rate of the feed to the adsorption 
column, a precision rotameter made by P.W, Bwyer Manufacturing 
Go*, 1 to 5 liter of air per minute capacity was used. Appropriate 
calibration was done for different feeds. 

Sampling and Collection : 

The effluent from the bottom of adsorption column was 
collected at the 1 minute interval in test tubes, Normal paraffins 
from the top of the adsorption column were collected in the 
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measuring cylinder. 

Materials Used ; 

Tlie following petroleum distillates were used; 

Distillate Boiling Range 

SlJcaight run naphtha 100®C to 130°C 

Straight run kero sine 140°C to 300®C 

Straight run gas oil 270®0 to 350KJ 

These were obtained from Barauni Refinery which processes 
Raharkatia (Assam) crude. 


****'iH(-* 



OHAPTER IT 


EXEERIMIAI PROCEDURE 

The experimental set-up is shown in a schematic- diagram 
Pig* 1 . The petroleum fraction;' (naphtha, kerosine etc.) was 
placed in the feed tank located at a height of about 6-8 ft, 
from which the hydrocarbon was allowed to flow undergravity. 

The flow rate was controlled through a needle valve (Tg) and 
measured with a rotameter placed in the line, The hydrocarbon 
was then allowed to pass through the preheater which was a 
straight stainless steel tubing 24” length and 1/4” diameter 
placed in a controlled temperature furnace. The heated feed 
was allowed to enter the adsorption column maintained 'at the 
temperature same as in preheater section. The effluent stream 
was cooled and collected. After the adsorption was complete the 
feed was switched off. The adsorbed n-paraffins were subse- 
quently desorbed. 

0 a 1 ibr at io n of ' Ro tame ter ? 

The viscosity of the hydrocarbon used was so widely different 
that . it became necessary to calibrate the rotameter for each . 
fraction separately. Moreover, the particular rotameter used was 
an air rotameter. The valves T^ and T^ were opened. Operating 
the valve Tg of the rotameter, the float was controlled at 
5 litres per minute (LPM) mark and liquid coming out of valve 
v^-just before the entrance to the adsorption column, was 
collected in a measuring cylinder for a known interval of time. 
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recorded by a stop watch. This was repeated thrice and average 
was taken as the flow rate. The sasne was repeated at other 
graduations on the rotameter and a calibration curve, was prepared 
for each of the fluids used (Appendix A), 

fest; The equipment was tested against leaks at 20 psig 
and was found to be free of leaks. 

Activation of the Molecular Sieves ; 

The furnace temperature was raised upto 400°C which in turn 
raised the temperature of the sieve column to 4-00°C, After about 
one hour nitrogen gas at 5 psig preheated to 400°C in the preheater 
was allowed to pass throu^ the column. This flushed the column 
of any previously adsorbed impurities and moisture on the molecular 
sieves. After half an hour the nitrogen supply was cut off and 
the column was allowed in cool. It was then ready for use. 
Msorntiont 

The sieve column was activated as described above. Its 
temperature was raised to a level at which adsorption was to be 
carried. The temperature of the preheater was also raised to the 
same level. Naphtha was taken in the feed tank and was allowed 
to flow through the preheater. The flow rate was controlled by 
valve V2 measured with the help of rotameter. The feed 
from the preheater section was fed to the adsorption column from 
the top. During this period valves and Vg remained closed. 

The efflue^i’t <2oming out from the bottom was 

allowed to pass through the condenser Cl . This stream was 
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compLetely devoid of n-paraffins in tlie iDeginning of the run, 

but after break-through occured n-paraffins also started coming 

along the stream. After the equilibrium was reached, the 

adsorption process was stopped by closing the feed valve 7"^ , 

To ascertain the equilibrium point, small samples of the 

effluent were collected in test tubes after every one minute, 

Sofractive index was monitored for these samples (data given 

in plots in Appendix) on an Abbe Refractometer, An S-shaped 

curve was obtained^ levelling off of the curve marked the 

equilibrium. This was also checked for one adsorption run at 

room temperature for naphtha and two adsorption runs ■ at i?oom 

temperature and iOO°C for kerosine by using chromatographic 
Ci9,20) 

analysis, (Chromatograph used was varian associates, Aerograph 
model, column used for naphtha was S-E-50, silicon gum rubber 
eoated on chromosorb-P, column used for kerosine; Apiezon-I 
eoated chromosorb-P. ) , The equilibrium points indicated for 
these runs, by levelling off of the peak heists of n-paraffins 
on the chromatograms were in conformity with the ones obtained 
by refractive index analysis. Therefore for the rest of the 
runs only refractive index data were used. 

Before desorption process was started to unload the 
molecular sieve, it was necessary to remove the feed present 
in the flow lines. This was done by blowing very low pressure 
nitrogen through the system. 

Similar procedure was adopted for adsorption of n-paraffins 
from kerosine and gas oil. 



18 


Desorption ; 

The n—paraf f ins adsorbed on the oioleculsr sieves were 

desorbed by sweeping the coLntnn with different desorption gases 

like nitrogen^ DDG (Indane)^ carbon dioxide. The colutnn temperature 

was raised to 200°C in case of naphtha and kero sine and 300°G 

in case of gas oil, since gas oil has high molecular wei^t 

n-paraffins. Preheater temperature was also raised to similar 

level. The purge gas was then turned on^ preheated and passed 

through the bottom of the adsorption column.. Valves V and V 

5 4 

remained closed and V^ and Vg remained open during this operation. 
Desorbed n—paraffins were removed along the purge gas through 
Vg which passed throu^ the condenser and were collected in 
a measuring cylinder after condensation. The purge gas was 
allowed to escape in the atmosphere* Desorption process was 
continued untill all the adsorbed n-paraffins were recovered. 
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ITormal Paraffin Recovery Tpy Urea Adduction Method ; 

Urea selec Lively crystallizes around organic cotnpounds 
witli long s'traigli't chains to make a solid, filterable coniplex 
or adouct, ihis selectivity of adduct forination is a function 
of the cross-section of the organic molecules as related to 
the geometry of the urea crystal. In forming the adduct, the urea 
crystal forms a channel large enough to accommodate s-traight 
chain hydrocarbon molecules like n-octane, but not cyclic or 
branched-chain hydrocarbons like benzene or isoparaffins 

Around Q.T moles of urea is needed to form an adduct 
with each carbon atoms. Also the molecular weight of hydrocarbons 
is almost proportional to the number of carbon atoms, the ratio 
on a weight basis is almost constant - roughly 3 lbs of urea 
for one pound of hydro carbonsP^^ 

Petroleum fractions having low content n-paraffins can be 
dewaxed with urea only . YOiereas, if the content of these n'^paraff ins 
is appreciable, it is found that the mixture of the oil and the 
urea, dissolved in it, thickens very rapidly to a heavy paste even 
under stirring conditions. It becomes difficult to filter or pump 
this paste. Hence, these stocks are diluted with some solvent 
before adduction is carried out. Methylene chloride is preferred 
to other solvents such as methanol for adduct-formation. It's 
boiling point of 41°C lies in the range 36 to 45°C most suited 
for- adduct formation. Heat liberated by adduct formation is 
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carried out by the ■vaporization of a portion of the solvent without 

any serious temperature variation. It is non-corrosive and. non- 
( 1 5 ) 

inflammable. Urea is also dissolved in a solvent, usually 

(13) 

water s so that intimate mixing of hydrocarbons with urea can 
be achieved 

Ex'perimental Procedure ; 

A charge of 100 cc of naphtha, kero sine or gas oil, was 
kept in a reaction vessel of 1 litre capacity fitted with stirrer. 
This vessel was placed in a constant temperature bath. To this 
100 cc of methylene chloride was added and thoroughly mixed, 

100 cc of saturated aqueous solution of urea at 70*^0 was added 
and thoroughly mixed. The temperature of the bsth was maintained 
at 40°C, The adduct formation took place in a few minutes. The 
adduct was then filtered. To the filtrate, v/ater at 40°C was 
added v\?hich readily dissolved the adduct. The solution was 
transferred' to a separating f'unnel where n-paraffins get separated 
from urea solution. The n-paraffins obtained was collected in 
a measuring cylinder and the amoimt was noted down. 
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Re suit 3 ; 


Run Ho, Volume n-paxaffin Vol. io 

treated, cc collected, cc 


Hapltiia 1 

100 

4 4 

2 

200 

7 3, 

Kero sine 1 

100 

8 8 

2 

100 

6 6 

Gas oil 1 

100 

11 11 

2 

100 

12.5 12 

Density of 

naphtha 

0,71940 gm/cc 

Density of 

n-paraffins of 

- 

Haphtlia boiling range 

0.8445 gm/cc 

Density of 

kero sine 

0*81745 gm/oc 

Density of 

n-paraffins of 

- 

Kero sine boiling range 

0,9259 gm/cc 

Density of 

gas oil 

0.3200 gm/cc 

Density of 

n-paraffins of 

0,8898 gm/cc 


gas oil lolling range 


Average 

- 4 

_ 7 

■ -W 12 


**** 
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GHAPTER V 

RESULTS AM) EISGUSSIOR 

Three straight run petroleum fractions, naphtha (toiling 
ranges 100 to 130°0), kerosine (140 to 300°0) and gas oil (270 
to 350°G) obtained from Barauni, Ref inery were used in the 
present study. The effect of temperature was studied on 
equilibrium loading of n-paraffins on molecular sieves (LMS5A) 
at atmospheric pressure and the data are presented in Eig.2, 

These data are plotted as grams of n-paraffins recovered per 
100 gms of molecular' sieve (dry' basis) as function of temperature 
for different d§sorption fluids used. In all the three cases of 
naphtha, kerosine and gas oil, the equilibrium loading was found 
to decrease linearly with temperature rise. This is to be ■ 
expected in view of the fact that adsorption decreases as 
temperature increases. The maximum loading was found to be 
around 17^, 30?^ and 26^ for naphtha, kerosine and gas oil 
respectively at room temperature (20°G) which was the lowest' 
temperature used in this study, Gooper et.al. ^ have reported 
similar findings for naphtha. For naphtha and kerosine the set 
of data using nitrogen as purge gas were repeated to ensure the 
producibility of data. As is clear from the figure both runs 
gave results well within experimental uncertainty. 

The percentage recovery of n-paraffins (defined as volume 
of n-paraffins recovered d ivided by to tal volume of hydrocarbon 
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treated and multiplied "by 100) is plotted as a function of 
temperature on figure 3* • Also included on the same figure is 
the total amount of n-paraffins recovered in a single run (i.e. 
total amount of n—paraffins separated by 250 gms, of molecular 
sieve) for comparison. 

hooking at the plot of total volume of n-paraffins 
recovered, it is seen that amount of volume recovered decreased 
in every case as the temperature was raised similar to observation 
made in Fig. 2. But, the plot of percentage recovery of n-paraffins 
showed an increased upto a certain temperature and then a decrease 
when temperature was raised beyond that pcjnt. Though, there was 
a continuous decrease in total volume of n-paraffins recovered 
in every case with temperature rise, the percent volume recovered 
increased due to the fact that at the same inlet flow, the time 
to reach equilibrium decreased at higher temperature. The main 
process involved in reaching equilibrium is diffusion through the 
solids. The diffusion rate increases with the rise in temperature 
The point of maximum is reached due to the fact, that though, the 
rate of diffusion is increased with increased temperature, resulting 

I 

in decrease in time to attain equilibrium, but the total volume 
adsorbed decreases substantially rendering the net decrease in the 
percent volume recovered. This means that the efficiency of the 
colnffln to separate n-paraffins increased with temperature rise 
in the beginning. It reached a maximum and then started decreasing 
again. 



VOLUME°/o 

TOTALVOLUM 
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The desorption temperature was kept constant at 200°C 
in case of naphtha and kerosine and 300°0 for gas oil. The 
effect of desorbing gas such as nitrogen, L.P.G. (Indane) 
and carbon dioxide on desorption time was studied. The data 
is presented in Pigs. 4. In this figure the desorption time is 
plotted as a function of temperature of adsorption for different 
desorption gases. The pressure of nitrogen and IPG was always 
5 psig whereas the pressure of carbon dioxide was kept at 
2 psig. 

Prom figure 4 it is clear that nitrogen as a desorbing 

gas was quite inefficient and took excessively long time. 

Performance of LPG was far superior to that of nitrogen, cutting 

down the desorption time significantly. Carbon dioxide, which 

was used only in case of gas oil, had the least desorption time. 

This behaviour is to be expected in view of earlier discussions 

on mechanism of desorption. In case of nitrogen it only creates 

the continuous difference in pressure between the atmosphere of 

n-paraffins surrounding the sieve bed and adsorbed molecules 

vdiere as in case of LPG, in addition to lowering the partial 

pressure of n-paraffins, propane and butane gets adsorbed on the 

molecular sieve displacing the already adsorbed hydrocarbons, 

(23) 

Carbon dioxidehaving polar dsn the molecular 

sieve even more strongly and hence it talces even still lower 
time for desorbing the n-paraffins. However, this strong affinity 
of carbon dioxide has a disadvantage in the sensethat 
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the bed becomes less adsorbent for n-paraffins in subsequent 
adsorption cycles. 

Comrarison of Molecular Sieve Method with Urea Adduct Method ; 

Amounts of n-paraffins recovered by urea adduct method 
were 4,7 and 12 percent respectively for naphtha, kerosine and 
gas oil. The corresponding figures for molecular sieve method 
of 20°C are 46, 10.5 and 14 percent. At the optimum temperatures 
these figures are 54, 11 and 22 percent respectively for naphtha, 
kerosine and gas oil. The figure of 46 percent (or 54^) for 
naphtha is obviously very hi^. This may be attributed to the 
fact that naphtha contains a high percentage of n-olef ins which 
have comparable molecular size and as such gets retained in the 
molecular sieves along with n-paraffins, Otherwise^it is seen 
that in case of molecular sieve method, recovery of n-paraffins 
is much better compared to urea adduct method, ICoreover, molecular 
sieves are easily reactivated for successive runs whereas in case 
of area adduct method, the recovery of urea is a problem. 


**** 




CHAHIEE YI 


OOECLUSIOIS AUD RECOfflMDATIOUS 

CoKcl-uslon ; 

1, As the adsorption temperature was increased, the time for 
equilibrium loading of n-paraffins on molecular sieves decreased. 

2, With increasing temperature, the total amount of n-paraffins 
adsorbed on the sieves decreased, but the percent volume recovery 
increased upto a certain temperature and finally started decreasing 
The existence of optimum adsorption temperature was thus indicated 
for each petroleum fraction studied, 

5. Of the three desorbing fluids used, liquified petroleum 
gas (Indane) seemed to have best promise, 

4, A comparison of results obtained by molecular sieve method 
vjith those obtained by urea adduct method showed that the former 
gave higher yield of n-paraffins. Urea adduct method may also 
prove to be less economical. 

Recommendation s 

In the present study petroleum fractions were obtained from 
Uaharkatia crude which has a very poor, n-paraffin content. It 
is desirable that such a study be undertaken using other crudes 
preferably from western region. Ankaleshwar crudes are known 
to contain upto 40 percent n-paraffins. The potential for 
commercial exploitation lies only in those crudes, i 



A chroma to graphic analysis of the n-paraffins recovered 
V7ill reveal the composition in terms of carbon number distri- 
bution which is important in deciding its use. This, however 
would need standard samples of n-paraffins. 
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FIGA3. BREAKTHROUGH CURVES FOR KEROSINE AT 

DIFFERENT AD90RPT1 OH TEMPERATURES 
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